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infrared thermometer and a method for determining a tempera- 
ture 

BACKGROUND OF THE INVENTION 

The invention is directed to an infrared thermometer and to a 
method for determining the temperature according to the inde- 
pendent patent claims. For measuring body temperatures of pa- 
tients it is known to use digital, electronic thermometers whic 
may be based on the use of contact type temperature sensors or 
infrared measurements. Infrared thermometers are widely used be 
cause of their fast measurement and their ease of use. In view 
£he diagnostic value for temperature measurement, there are dif 
ferences between several measurement sites on the human body. 

The hypothalamus is the most accurate site to obtain the body 
temperature. It is located in the base of the brain, and acts a 
the body's thermostat. The goal of the hypothalamus is to main- 
tain the body's core § temperature {heart, lungs, liver, kidneys, 
brain, etc) . 

Traditionally, body temperature has been detected by contact 
thermometers in oral, rectal, or axillary sites. These sites ar< 
chosen for convenience rather than correctness, due to there ex- 
ist many factors to influence the accuracy, such as: unsteady aj 
unsuitable placement of thermometer probe in the measuring site 
drinking, talking, inexperienced measuring skill, etc. 

Nowadays , by utilizing an infrared sensor to view and detect the 
tympanic membrane or ear drum's heat radiation inside nhe ear ca 
nal to display the body temperature in only one second, the In- 
frared ear' thermometer has become a popular, quick body tempera- 
ture measurement tool . However, there exists some drawback on us 
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.t-«v for getting the body tempera- 
ing tne infrared ear thermometer for ge 



ture, such as 



n m.d as a non-invasive measuring thermome- 

ter , it s probe head still need. dia^e, is egual or 

for temperature measuring. Re tne p and especially 

,4^»i» bit bigger than tie normal aduit s 
even. a little bit b ^ d . ameCer , „hen inserting the 

the children's ear canal regu ^ ^ 

theater pro* and th ^ ^ ^ a teopera . 

cause a rapid heat inc ^ ^ ^ pravents 

C ure rising on th ' ceraparature reading display, 

from getting a stable or accurat P inCe mal 
Th e close contact between the ^^"^ter the oontinuou 

-Hrr~" • - curvature scruo T 

out o£ the ear inconsistently to be 

iuside the ear canal { oons ietent reading. ■ 

inserted into , the ear canal for „ . low ear tempera 

Furthermore, the high moisture ™* fluid in neonates' 
ture reading caused by the residual ^ £or newbor l 

i. r.ot mentioning about the inapplicability i 
ear canals, not rnentio g ^ fee inserted „ irt 

baby's s,oall ear diameter, as ab ^ ^ 

. . .„ n . r ear thermometer probe tip, Wit -" I 
: 5 b 0 mm Ire are still some more usage concerns when usin, 
I.," h r^meters: xhe earwa* ma, result in an inaccur ate readi, 
. .tincture inside the ear canal may cause an inco. 
C he curvature structure lnappropriate probe positi 

sistent measuring result a oonsuming con 

.„ ln che ea r canal, the inconvenience and cost 
ing in the «* . on the probe oove rs. the unrelia, 

Cern ^raldlsplay caused by the poor heat insulatior 
rirlf the probe assembly, the disturbance to the sleeping 
Especially the infant or children, during the temper^ 
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measuring, the cool effect and low read concern from continuou 
measuring with repeated probe insertion into the ear canal wit 
a short period of time, and the inapplicability for the bigger 
probe to be inserted into patient's ear, especially the concer 
of smaller ear diameter for children under aged two or even ne 
nates . 

By replacing the known ear thermometer with a body surface ski: 
thermometer such ae a forehead thermometer for getting a body 
temperature, the above problems are then solved. The forehead 
thermometer is a real nbn-invasive thermometer- The sensor ins 
the probe assembly will not be heated up by the body surface s. 
as the probe does not need to be inserted into the body cavity 
for getting the body temperature. With the probe's soft and 
smooth contact on the centre area of the forehead skin, the tei 
perature can be easily detected and displayed. The body surfaci 
temperature is the result of the energy supplied from the core 
via the blood perfusion and the energy lost to the environment 
via radiation, convection, and evaporation. The reason to dete< 
the body temperature from the forehead skin is that the blood 
vessel distributes for only about 0.1 mm beneath the forehead 
skin. The heat is easy to be detected, and the instant heat or 
temperature change will.be quickly sensed, as the blood flow ir 
the temporal arteries is extending from the carotid arteries. 
Moreover, using a forehead thermometer can eliminate the discon 
fort and inconvenience caused by the traditional contact pen t} 
thermometer's probe insertion into the ear, mouth, " or rectum. 

However, since the body surface skin temperature will be easily 
affected by the ambient temperature change, the forehead skin 
temperature to be measured at different ambient temperatures is 
quite different, even when the core body temperature is about t 
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same • 



ro take irvto consideration the influ- 
lt thus has been suggested co take xn skin 

-^~ b -^^ J^T. *od y texture detector 

US ^0 5S ,-5 there ^ mea „nts of adults.- 

which .is suited for axxxxa y as » function of 

solution ia disclosed « ^" 2 ' 685 ' 
irU., some drawback Especially, the method su 3g ested 
^ased on plicated theoretical models. Calculation needs 

rain concerns in view of aoouracy of the calculation. 

xn us 5 1*9,436, there is disclosed a radiation detector. The d, 
actor dliosed therein is directed to a tympanic 

. .u. „ ar canal is thus not solved. A 
The problem of contact wxth the ear canax i 

feno «ataie is adjusted to provide an indicatxon of co 
tymoanxc temperature i» ««j . _ . _ 

/IL«ture This application also has certain drawbacks. 
7Z HalatLlv complicated calculations are proposed for a 

arrangements, secondly, the problem of contact «th the ear ca, 
Iddressed. Thirdly, by measurins the anient temperatur. 
inaccurate measurement results may be created if there re a dr 
Trie between the cold inaction of a thermopile of the infra 
Sector and the ambienc te^erarure. other radiat.on detector 
are known from US 5,012,813, US 5.150.696. 
US 5.333.784. US 4.993.419. « 4-797.840, US 4.7 4 149. 
US 4 846.583. US 5.024.533, US 5,232.284 . US 5,271.407, 
US 5 67 235. US 5.445,158. US 5,633.236, US S.874.736. K one 
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these documents completely solves the above mentioned problems , 
namely problems associated with contact of a temperature sensoz 
with an ear canal as well as problems related to relatively con 
plicated prior art calculations for determining a temperature c 
a first body site in dependence of the measurement at another 
body site. 

In US 5,967,992, there is. disclosed a radiometric temperature 
measurement which is based on empirical measurements andL linear 
functions. It is claimed that by use of lookup means, the calcu 
lation of an estimated temperature may be simplified. This solu 
tion, however, still has certain drawbacks. Xt is directed e.g. 
to a tympanic thermometer which does not solve the problem of 
contact between the sensor and the ear canal. 

It is an object of the present invention, to overcome the draw 
backs of the prior art, especially, to provide an infrared ther 
mometer which easily allows to determine the temperature of a 
first body site, in particular the corresponding oral, rectal, 
axillary, or other body site reference temperatures based* on a 
body surface skin temperature measurement. The thermometer ac- 
cording to the invention should not need powerful, microcomputer: 
for' calculation of this first body site temperature In additio: 
the thermometer according to the present invention should have i 
improved accuracy as compared to prior art thermometers. 

According to the present invention, these objects are solved wil 
a thermometer according to the independent patent claims. 

The thermometer according to the invention is used for determin- 
ing a temperature of a first body site. The first body site esp« 
cially may be selected from the group of rectal and oral tempers 
ture. Determination of this temperature shall be made by measure 
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_ - ite eS «tte forehead surface skin of 
— * * C * SeC ° nd t0dy " Ms an infrared sensor, in particular 
a pat ien t . ^ theater ^/Lov surface sfcin t^e at 
B thermopile for detection of bo y ductng bo dy 

. chi s second body site. Thi, ■ or is - ^ ^ 

surface -n ^ra ure ^ ^ 

provided with means for junctio „ of the infrared sen- 

MMlytto temperature of the coia 3 ^ ,be,e means 

temoerature of the operating ambient air. 
sor or the temperai-m to oroduce 

• ■„„ rta reference temperature are used to pr 
for determining the refer cherm ometer is 

— " •^rrr^T^ -h the memory as- 
^red^rrclUatin, unit. The memory has data derived 

r \ -=l=al tests stored therein. The calculating unit is 
from clinical rests at-^ f . rgt body 

adapted to calculate an estimated temperature of the first bo 
Til the basis of the body surface skin temperature signal 
site on the basis hAimeratu re signal data and the 

data the reference operating temperature sig <, ST1(ad 
aaca, desiem as outlined 

, . _ stored in the memory- The aesig» 

corresponding data stoteu -"- moa c, !r ed 
„ Firstly, the temperature may be measured 

has several advantages. Firstly, » 

•f. of the surface skin of the body. Insertion of the 
at any site of the sur ^ avoided . Sec- 

^nqide fclie probe into trie ear i^cmo^ 
sensor inside toe p . miJrical aata enhances the accuracy 

ondly. the use of clinical empirical dat 
of the calculation of the temperature at the first body 

•„„ fh« reference operating temperature may be 
7ZX aTurltasuring^it *no TO to one silled 1, 

rart"rding to a preferred embodiment. . the means f or mea, 

It ng the reference operating te^erature -fJ^Z^L 
• sensor A common infrared sensor produces a voltage ou 

^ "^Ch T proportional to the temperature difference between 
rhe hoc junction and the cold Junction of a thermopile. The col 
Action has a ten^erature corresponding substantially to the 
Zcereture of the ambient air. The hot junction receives the > 
ZZ ^ the target. Such a thermopile may be ueedco measur, 
th e te^erature of the anient air and thue to produce the ref 
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ence operating temperature signal- The reference operating tem- 
perature may e.g. be measured by means of the infrared sensor 
when the thermometer is turned on. This reference temperature' 
value may then be stored and used for calculation during the 
measurement at the first body site. 

According to an alternative embodiment, the means for measuring 
reference operating temperature may be formed by a thermistor 
built inside the infrared sensor, or by an infrared sensor. 

The physiological site offset, i.e. the difference between the 
temperature measured at the second body site to the common ref € 
ence body temperature at the first body site may vary and deper 
on many parameters. It may be difficult to find a theoretical 
model for these dependencies. By making reference. to empirical 
clinical data, all these dependencies can be taken into account 
In addition, the use of reference data stored in lookup tables 
makes calculation faster and needs less calculation resources. 

According to another embodiment of the invention, the temperatu 
sensor for measuring a reference operating signal is directly a 
ranged in the infrared sensor. Thereby, the temperature of the 
cold junction of a thermopile of the infrared sensor is deter- 
mined. Taking into account this temperature leads to more accu- 
rate results than taking into account only the ambient tempera- 
ture . 

The previously acquired clinical test data or data derived ther 
from may be stored in a built-in non- volatile memory, e.g. in a 
ROM or EEPROM in the thermometer. 

According to a further preferred embodiment, the thermometer ac 
cording to the invention, especially, its calculating unit is 
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f = v>odv surface skin temperature, 

cal site offset vaiuc _ , on , centre (or other 

as a difference between the measured forehead centre I 

„ L surface S Wn temperature and the corresponding refer 
body site) surface sx x eenipera . 

a „ce body site temperature, such as the ore! al 

-v.. rechnology of the invention, the pnye 
Te' offset » value -y bTaccessed and added to the measured 
rolled centre surface skin temperature for getting the data of 

reference body site temperature reading. This 
t be correspond! n J ^ fee acoeased from rte lookup 
«physiolo 9 ical site offset non . volMile ^r,. ROM, or 

table inside the thermometer unit s non 

™ by taking the measured forehead centre surface «~ 
PeraturTas a reference bese. and the simultaneously detected op- 
srlt" 9 reference temperature as an index pointer. Through a »- 
erating calculation formula, a more precise, 

croprocessor' s mathematics caicuiati 

. , . offset" data is determined. Th 

corresponding ^physiological site offset 

use of such a physiological site offset allows a very accurate 
a ppro*imation of the temperature at the first body site. 

According to still a further embodiment of the present inventio. 
^ Physiological site offset may thus be determined — 
berpoletion or linear approximation technics. If in lookup t a 

^ r.ference operating temperatures meas- 

bles, reference data for reference p » 

ured in clinical tests and temperatures measured at the first 
body site during clinical tests, temperatures measured at the 
second body site during these tests are stored estimated value 

. ,» ,ta tirst body site may be determined by 
for temperatures at the tirsc oooy 

means of interpolate of these reference data. 

In a further preferred embodiment, lookup tables may be used 
wbieh have a first group data related to temperature values of 
the second body site acquired during clinicel tests, a second 
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group of data relating to reference operating temperatures sue 
as ambient or cold junction temperatures determined during the 
tests and a third group of data having data relating to temper 
tures which have been effectively measured at the first body s 
during these clinical tests. Clinical tests are made at the pi 
rality of differed conditions, especially for different patie: 
(sex, age) at. different ambient temperatures and for patients 
having different body temperatures. 

According to still a further preferred embodiment, the thermotrv 
ter may have a plurality of operating modes. It is conceivable 
provide a measurement mode and a. calibration mode. The thermorrv 
ter may thus have means for switching between these two modes, 
the calibration mode, it is possible to make a calibration on i 
black body which is e.g. dipped into a water bath at controllal 
constant water temperature with sufficient high temperature st< 
bility. Other embodiments are conceivable: it is especially po; 
sible to provide different measurement modes for calculating ei 
timated temperatures at different kinds of first body sites wit 
one and the same thermometer: it thus may be possible to switel 
the thermometer between a calculation of corresponding oral anc 
rectal temperatures . Different lookup tables may be stored witl 
the thermometer and reference is made to a specific lookup tab] 
depending on the measurement, mode which may be selected by the 
user, or preset by the manufacturer* 

The invention is further directed to a method for determining a 
temperature of a first body site of a patient with an infrared 
thermometer. The method is- preferably made by means of an inf rs 
red thermometer as described above. After the thermometer unit 
turned on, a reference ambient temperature is detected, e.g. by 
the infrared sensor inside the unit, or by the thermistor built 
inside the infrared sensor, a reference temperature signal data 
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, Hnfl the thermometer probe closely onto 
is determined; after putting th ^ ^ tem _ 

the target surface * «- S ame infrared 

perature at a second body Slte * , data is thereby 
-o, a body surface s^n ^^^^ data st ored in a 

produced, in a further step, a P calc ulating 

„f the infrared thermometer is accessed r>y 

m emory of the -f r table, the measured body 

unit. Based on the data me asured reference 

infrared thermometer- 

. the oreaent invention brings a different: "physiologi- 

^T'^J value between different measured forehead s*xn 
d arte offset value > dececte d corresponding body ait. 

te^erature and the ^^""'^^ sensed operating an*i 

_ different simultaneous xy »^ 

temP erature under 9ul)SC antial nuntoer of the 

• suits done in a hospital. 

u nlAa v through detecting the forehead skin 
By using this technology, throug refere nce tempera- 

te^ratura. sens ing a CO ^J^^Z irately 

find . ^en-tado ^ ^ ^ ^ fore 

t- «»«• m e ^ ivalent co the corre- 

bead ta^ar = . to J a ^ _ ^ o£ 

r ZIZ ;reratur y e Change to influence the forehead e k in 
temperature detection. 
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DETAILED DESCRIPTION OF THE INVENTION 

The. invention will be mora clearly understood with reference t 
the following embodiments and the attached drawings, in which: 

Fig. 1 and 2 show a schematic representation of a thermomete: 

according to the invention. 
Fig. -3 schematically shows a block diagram of electron; 



Fig. 1 and Fig. 2 illustrate an infrared thermometer 1 suitable 
for forehead centre surface skin or body site surface skin tem- 
perature measurement. Pressing a power switch 14 will turn on e 
thermometer unit- In one embodiment of the invention, the ambie 
temperature is then measured by means of an infrared sensor 11. 
In another embodiment, the reference temperature will be measui 
with or by a thermistor: 34 built inside the infrared sensor. A 
LCD display 13 will be shown with a display check and ready sig 
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Fig. 4 



Fig. 5 



Fig. 7 



Fig. 6 



key components of the thermometer according to 
invention - 

shows a chart showing different oral- temperature 
in dependence on corresponding simultaneous meai 
ured forehead temperatures' and concurrent ambiei 
temperatures . 

shows a chart showing different simultaneous 
physiological sites of said temperatures based c 
concurrent ambient temperature values, 
shows a chart of physiological site offset tem- 
perature between the oral and concurrent foreheg 
temperature based on different simultaneous ambd 
ent temperature data value. 

schematically shows calculation of estimated 
physiological offset values based on interpolate 
technicjues » 
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measuri ng by flashing the temperature 
^ for body te^erature -~^ 9 a temperature S cale icon 
scale icon with a short beep. After P 

starts flashi^ on the L 0 preSS - 
fro nt cup onto the meas ~« 2) will start measur- 

es a measurement start "~^<^ skin temperature . An 
ing a target — probe views ^ re - 

cexves proportional to the difference be- 

n-F-io-r- -*a an A/D converter, then to a 
then conducted to an amplifier 38, an A/u 

59 (see Pig . 3) . Based on the measured target tern- 
microprocessor 39 I see eig- 

peratLe — a S the forehead — - — ^ ^ 

concurrently measured operating reference temperature sue 
a ^ t or Che cold function tenure, a corresponding physio 
locical site offset value from a lookup table inside a non- 
" a lie L-ry or ROM, or ESPROM „ be accessed and added onto 
the measured forehead 'centre skin temperature. Then 'J^^ 
re zponding body site temperature, as oral or rectal temperature, 
will be displayed on the LCD 13 . A buzzer and a LED 12 wrl! be 
Motivated for identifying the completion ox the temperature mea 
urexnent . 

Referring to Fig. 3. an electronic block diagram of the infrare, 
rorenla/skin thermometer is shown. * thermometer electron u. unJ 
is powered by a battery 30. Once the thermometer unit has been 
switched on by pressing the power switch 1.. the 
3S or the thermistor 34 inside the infrared sensor will first d 
ce ct the temperature of a reference operating temperature such 
as the ambient beet 36, then the LCD display 13 will be self 
checked and show a ready signal by flashing a temperature seal, 
icon. After putting on the front open cup of the w~t onto the 
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target surface skin and pressing the measurement start .button : 
the sensor 34 receives and measures the infrared radiation fror 
the target forehead centre skin heat 37. The above two tempera- 
ture sensing DC output signals are then successively conducted 
an amplifier 38, A single chip microprocessor 39 is used to ac- 
cess or calculate an appropriate physiological site offset val\ 
based on the detected reference temperature data and the targel 
forehead temperature data. By using a mathematical interpolate 
method (see Fig. 7) a corresponding physiological site offset 
value is determined from the lookup cable inside an EEPROM 41. 
This offset is added to the detected forehead temperature, as a 
final estimation of a temperature at a body site different fror 
the measurement site. This final reading value represents the 
concurrent, corresponding oral, rectal, or other reference bod} 
site temperature will be then shown on the LCD display 3 2 throi 
the single chip microprocessor 39- A buzzer and LED 12 will be 
activated simultaneously. 

Fig- 4 shows a relationship chart between different oral tempez 
tures and the concurrently measured forehead skin temperatures 
under different simultaneously detected operating ambient tem- 
perature based on the comprehensive clinical test result. This 
chart gives the idea that different corresponding oral tempera- 
ture will be got with different concurrently measured forehead 
skin temperature under different simultaneously sensed operatir 
ambient temperature. 

Fig, S illustrates a clinical test relation chart between the 
data of the forehead centre skin temperature reading , the concu 
rent measured ambient temperature, the concurrent sensed oral 
temperature for different ambient temperatures. Fig, 5 is a 
similar- relation chart as Fig. 4, but having different coordi- 
nate axis. 
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. charts are showing a relation curve between 
All the above curve charts conourre nt forehead centre 

Cerent ore! ^erature ■ g a ^ ient teI „ era tures 

sl cin te^eratures, and drffer ^ ^ bospitaX 

— 4 s^XtaneousX, - the cXrn 

„ ith a — -"iXts! children or different sex. Based 
ages such as adults ^ _ 

„ Fl g 4 5, a = P 1MO a lookup table ,n- 

systemat^cally coll ^ te ^ or EEpROM 41 of the thermome- 

side the non-volatile memory, ROM, 

ter electronics- 

. , illustrates the relationship chart between different oper- 
Fig . 7 illustrates ai£fe r e nt concurrent physiological 

a ting ambient -perature ^ ^ ^ n the £orehead 

9itB ""TratraTtL concurrently measured oral or rectal 
skin temperature ana cne , ted operating 

temperature, under -*~ a ^^^ clinical 

I^ce batmen thecal or rectal te^rature and th = en 
behead s,in temperature under J^-^^l. 

e " temperature and different simultaneous forehead sfcrn te^er. 
ture. 

Pig . , illustrates a magnification portion as part of Fig^. 

site) Gaseo o ^^^-^rea e g. ambient tempera- 

- * vof P rance operating temperatures, e.g. 
tected reference op rpmneratuxe data plus two adjacent 

ture. Two adjacent reference temperature aat P 
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forehead temperature data accessing from the lookup table data- 
base are used thereto. 

The following mathematical interpolation method and its formula 
explain how a corresponding physiological site offset value ma} 
be determined from a lookup table based on a forehead centre sx 
face temperature and its concurrently measured operating ambler 
temperature : 

Referring to Pig. 7, the following variables will be used and 
have the following meaning: 

F: The measured target forehead centre surface skin tempera 

ture . 

Fir One of the forehead temperature values stored in the 

lookup table deriving from the clinical test done in hos 
pital. %X F1" is adjacent to but greater than * x F" , the mea 
ured target forehead skin temperature. 

F2 : Another forehead temperature value stored in the lookup 
table deriving from the clinical test done in a hospital 
%x F2 /!r is adjacent to but smaller than X> F", the measured 
target forehead skin temperature . 

A: The ambient temperature value concurrently measured with 

the target forehead skin temperature W F" - 

Al : One of the Operating ambient temperature values stored i: 
the lookup table deriving from the clinical test done in 
hospital. "Al" is adjacent to but greater than "A", the 
concurrently measured operating ambient temperature. 

A2 : Another Operating ambient temperature value stored in th< 
lookup table deriving from the clinical test done in hos- 
pital. X> A2" is adjacent to but greater than "A", the con- 
currently measured operating ambient temperature; 

Oils A physiological sire offset value stored in the lookup t« 
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_ . e the difference between the measured oral tem- 
bXe, i.e. the axrt measur ed forehead skin tem- 

i-Vi<= concurrently measurea ±-<->*- 
perature, and the concur sensed ope rating 

~ ^ under the simultaneousxy 

perature Fl , und therefo re corresponding 

ambient temperature Al - Oil 

to "Al" and Fl. , . rh _ i ool cup ta- 

_ biological site of fsec value stored m the Ioolcup 
A physiology measured oral tem- 

i e the difference between the measured 
perature" and the concurrently measured forehead skm tem- 
ZtZ 4<, -der the simultaneously sensed operating 
^ £Tt— ature — - therefore correspond 



Ol2: 



022 : 



TpZ o 0 i - site offset value ^ in Che lookup t , 
tit l e tL difference between toe measured oral tempera- 
ture and toe concurrently measured forehead * tempera 
lure'-^ under the simultaneous sensed operating amb.en 
temperature »A2» - »02V is therefore corresponding to »A2 

rphysili° S ical site offset value stored in the lookup ts 

tlf il the difference 'between the measured oral temper, 

tu re and the concurrently measured forehead skin temper, 

under the simultaneous sensed operating amhre, 

-A2" "022" is therefore corresponding to ai 
temperature . 

and W F2". 

T he following variables are unknown and are to he calculated-. 

Q1 . A physiological site offset value, is determined from t. 
01 ' Allowing formula, based on the measured ^^ To 

perature -A" , and a concurrently measured forehead o 

-Fl" "01" is therefore correspond 

tre skin temperature Fl . 

to "A" and "Fl". . 
C2! X physiologies! site offset value, is determined from 

following formuia. based on the measured oral cemperatv 
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*A" / and the concurrently measured forehead centre skin 
temperature ~F2". "02" is therefore corresponding to *A" 
and " F2" . 

O: An estimated real physiological site off set. value is cal 

culated on the basis of the lookup table, the measured 3 
bient temperature XX A", and the concurrently detected fox 
head centre skin temperature "F". "O" is therefore- cor re 
sponding to "A" and "V . 

For determining 01 , a linear interpolation is made on the basis 
of other variables which are known or can be accessed from the 
lookup table: 

From 

(Al-A) / (A1-A2) -(Oll-Ol) / (011-021) 
there follows 

01«011- [ (Al-A) * (011-021)/ (A1-A2)] 

For determining *02" a linear interpolation is made in a simila 

way. 

From 

(Al-A) / (Al-A2)~ (012-02) / (012-022) 
there follows 

02=012- [ (Al-A) * (012-022) / (A1-A2) ] 

For getting "O" (The unknown variable here, and the actual 
physiological site offset data value) a linear interpolation is 
made.. From the above mathematical calculation results and 

From 

(0-02)/ (01-02) = (F-F2) / (F1-F2) 
there follows • 

0*02+ [(F-F2)* (01-02)/ (F1-F2)] 
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_ . <! rt ™head (or other body site) 
The final reading display of this forehead (or 

. estimation of the temperature at a 

surface skin .thermometer is an estimati 

n \ rt « t-He basis of a measurement at a 2 
first body site (e.g. oral) on the oasis 

body site (e.g. the forehead). 

The final body temperature reading display equals to P.O. 

•I- is the measured target forehead centre surface skin tempera- 
ture at the second site; while "O" is the corresponding «*~- 
lated physiological offset value between the forehead centre skir 
temperature, and the temperature at the first site. 

Based on the measured forehead skin temperature and the concur- 
rently detected operating ambient temperature, the above calcula 
tion method is called the mathematical interpolation method, 
which can allow to calculate an offset value by getting and aver 
aging two adjacent collected offset data from a lookup table, 
with the adjacent' data as one smaller while another larger than 
the desired offset value. From the lookup table, the microproces 
sor will first take two ambient temperature data *Al" and «A2", 
adjacent the measured ambient temperature data. Two forehead ter 
oerature data adjacent -Fl", *F2", adjacent to the -measured for* 
head temperature will be determined . Four corresponding physio- 
logical site offset data -Oil". "012", ~021", and -022", are th 
accessed referring to the above mathematical calculations. 
Through the above mathematical formulas, the estimated corre- 
spending offset value «0» , is then determined, on the basis of 
-the measured forehead skin temperature «F', and the simultane- 
ously detected operating ambient temperature *Jk. Then, this 
set data is added to the detected forehead skin temperature. A 
final corresponding body site (such as oral or rectal) tempera 
ture is then displayed, taking into consideration of ambient t 
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perature change- mstead of ambient temperatures A, Al. A2 cole 
junction temperatures may be measured and used. 
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Claims 



1. 



ing 



2. 



3 . 



rn for determining a temperature of 
an infrared thermometer (1) tor oec 

- -^r,*- preferably selected from the 
a first body site of a patient, preferanxy 

of rectal and oral temperatures, by a measurement at a 
second body site, preferably the forehead centre surface 
7Z or otLr body site surface skin, said thermometer hav- 

an infrared sensor (11) for detection of a surface skin 
temperature (F) at said second body site and for pro- 
ducing surface temperature signal data; 
sensor means (11, 34) for measuring a reference tem- 
perature, particularly the ambient temperature or the 
temperature of a cold junction of said infrared sensor, 
and for producing reference operating temperature sxg- 
rial data (A) ; 

a calculating unit (39) and 

a memory (41) associated with the calculating unit; 
said memory (41) having reference data, preferably de- 
lved from clinical tests, stored therein, whereby sax< 
calculating unit is adapted to calculate an estimated 
temperature (F+O) of said first body site on the basis 
of said surface temperature data (F> , said concurrent! 
detected reference operating temperature data (A) and 
said reference data- 

A thermometer according to claim 1. wherein said temperate 
sensor (34) is arranged within said infrared sensor (XI) . 

A thermometer according to one of the claims i or 2 . where 

, ^ „_ stored in a non-volatile memory, e 
said reference data are scorea j-lx 

pecially in a ROM or EEPROM. 
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4 a thermometer according to one of the claims 1 to 3, wherein 
' the calculating unit is adapted to determine the sum of saxd 
b ody surface skin temperature data(F) and a physiological 
site offset value (O) . determined on the basis of said de- 
tected reference operating temperature data (A) , the con- 
currently measured body surface skin temperature data (F) 
and said reference data therein (0) is equivalent to the 
temperature difference between the first body site and the 
corresponding second body site. 



5. 



6. 



8. 



X thermometer according to one of the claims 1 to *, whereir 
the temperature of the first body site is calculated on the 
basis of linear interpolation. 

X thermometer according to one of the claims 1 to 5, wherei* 
lookup tables are stored in said memory (41) . said loolcup 
tables having a first group of data relating to measured, 
body surface skin temperature values at a second body site 
tnade during prior clinical tests, a second group of data re- 
lating to ambient temperature values concurrently measured 
during said prior clinical tests and a third group of data 
relating to temperature values measured at the first body 
site during said prior clinical tests. 

A thermometer according to one of the claims 1 to 6, wherei 
the thermometer has at least two operating modes, a measur- 
ing m ode and a calibration mode, and wherein the thermomete 
has means for switching between said modes: 

A thermometer according to claim 1 to 7, wherein the ther- 
mometer has at least two different measuring modes, where 
the temperature at different first body sites are calculate 
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• * different sets of lookup tables stored in 
on the basis of different s« 

sa ic *e,nory l«> for different measure -des. 



9. 



an infrared thermometer (1), tne 
of a patient with an mrra^e 

ture signal data,- 

t.«mft«atvre of a reference site, in par 

- rET*—*- - - - — 

' t L (A) and product reference opening te^erature 
signal data, 

. accessing a loo** table with prior olinical test data 

BtOT ed in a — «y-(«> *» «- ^«~ d 1 (1 

ba sed on the measured te^erature data (F, and (A) . 
. calculating an estimated ter^erature (M» of sa.d 

first body site on the basis of said body surface s^n 

te^erature signal data(F) . and said reference •tender. 

ture signal data (A, and said reference data accessed 

in said lookup table. 
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Summary 

A forehead skin or other body surface skin thermometer (1) has ai> 
infrared sensor (11) located in the thermometer probe front for 
viewing and detecting the infrared radiation heat an a body site, 
e g of the body forehead centre area skin for the other body 
surface skin. Concurrent operating ambient temperature are also 
measured. The above measured forehead skin temperature or the 
other body surface skin temperature is used as a reference base. 
The above concurrently sensed operating ambient temperature xs 
used as an index so as to access corresponding temperature of a 
first body site such as the oral or rectal temperature. A final 
temperature reading display is determined from a lookup table 
built inside a non -volatile memory (41) - 

The lookup table stored in the non-volatile memory (41) comprise 
three groups of the temperature database derived from a compre- 
hensive clinical test result 'done previously with a substantial 
number of measuring targets. The groups composed are a second 
body site, temperature database, a concurrent operating ambient 
temperature database, and a corresponding first body site tem- 
perature database. Since this lookup table data is based on the 
substantial numbers of the clinical tests for the above three 
groups temperature database, this thermometer is a clinical test 
oriented thermometer design, which provides user with an accurat 
and reliable measuring result. 

Figure 1 
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FIG.2 

FIG.1 
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FIG. 3 
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FIG. k 
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FIG. 6 
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